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Display device and a method of displaying data thereon 



FIELD OF THE IN VENTION 

The invention relates to a display device and a method of displaying data 
Ihereon and in pardcnlar to a display device suitable for mobile use.. 



BACKGROUND OF THE INVENTION 

A conmion method for displaying images on a screen of a mobile device is to 
use a screen comprising a liquid crystal display (LCD). In an LCD colour screen substantially 
white light is emitted from a light source and transmitted through the screen, Le. the LCD is 
backlit. The screen comprises an array of pixels, and each pixel further comprises three 
capacitors in connection with three colour filters, a red, a green and a. blue filter* By carefully 
controlling the voltages of each capacitor, a specific colour can be produced on the individual 
pixels, and by controlling all the pixels a screen image is produced. Such a display normally 
produces 2D images. 

Viewing two slightly different images on each eye may produce a 3D vision. 
This is the so-called stereoscopic effect One approach for producing stereoscopic images is 
shown in the EP application 1 001 300. Here two light sources are proposed in conjunction 
with a mirror system. Light emitted by one light source is directed towards the right eye and 
light emitted by the other light source is directed to the left eye. A control means displays 
alternately an image for the right eye and an image for the left eye on the image-reproducing 
element. The control means activates the source emitting light for the right eye only when the 
image for the right eye is displayed, and activates the source emitting light for the left eye 
only when the image is for the. left eye is displayed. 

Such a display device and other display devices of the prior art comprise 
complex optical sfystems, are voluminous, inflexible, expensive and/or difficult to iniplement. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a display device having a relative 
simple and cheap optical system. 
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This object is achieved, in a first aspect of the invention, by a display device 

comprising 

- a display panel; 

- a Hght redirection element for directing light through the display panel; 

- a light guide for directing light towards the light redirection element 

- a first light source coupled to the light guide so as to couple light to the light guide in a 
first direction; and 

- a second light source coupled to the light guide so as to couple light to the light guide in a 
second direction; 

wherein the light redirection element comprises a first groove structure and the 
Ught guide comprises a second groove slructure and the first and second groove structures are 
arranged in a configuration operable to direct light from the first light source through the 
display panel with a first angular distribution and light from the second light source with a 
second angular distribution. 

The invention enables a display device suitable for generating directional 
images. The display device may be flexible, easy to implement and/or have a low volume. 
Specifically, the mvention enables a display device which has an integrated optical system 
and which may be suitable for mobile use. 

The display device may be a liquid crystal display (LCD), and is preferentially 
a display device for one or a few users with more or less know position with respect to the 
display. The device may be a lap top computer, a tablet PC, a flat screen device, a mobile 
phone, a personal digital assistant (PDA), a handheld organiser, a global positioning (GPS) 
device, a handheld game computer, ete. 

The first and second light sources, may be backlight sources, i.e. light sources 
emitting light towards the backside of the display panel. Backlightmg may be necessary if the 
display panel is an LCD panel or any other type of transmissive image reproducing panel. 

The display device may further comprise means for alternating between 
illumination of the first and second light sources and means for alternating between 
displaying a first and second image on the display panel substantially synchronously with 
alternating between illumination of the first and second light source. The display device may 
be capable of switehing between the first and second images, so fast that it is not perceivable 
by a user, i.e. so fast that a user does not perceive any flickering due to the switehmg between 
the first and second image. This may provide for a display device where different images 
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may be sent to a user, e.g. different images may be sent to the left and the right eye of a user* 
Furthermore, this enables that a single display device may be used by more than one user. 

The display device may comprise an optical system, where the optical system 

m 

comprises a first and a second groove structure arranged in an opposed configuration. This 
may be a robust and flexible way of arranging the first and second groove structures since no 
additional components may be necessary for directing the light between the two groove 
structures. 

The first groove structure may be a prism structure with a substantially 
triangular cross- section, wherein an angle of the joining sides forming the triangular cross 
section of the priism structure may be between 10*' and 70'', and may preferentially be 60**, or 
in the vicinity of 60^. An angle of 60^ may be suitable for directing ligjbit through the display 
panel. 

The second groove structure may be a prism structure with a substantially 
triangular cross-section, wherein an angle of the joining sides forming the triangular cross 
section of the prism structure may be between 150** and 179**, and may preferentially be 175°, 
or in tihie vicinity of 175**. An angle of 175** may be suitable for directing light towards the 

redkection element 

The first and second groove structures may extend in a direction pointing 
substantially perpendicular to an axis extending between the eyes of a user of the display 
panel, when the display device is maintained in a position of use. The display device may be 
a handheld device, where a position of use is normally well defined. For example, a mobile 
phone is normally held in such a way that an axis extending firom the display to the keypad is 
substantially perpendicular with an axis extending between the eyes of a user. In the case tihat 
a position of use is not well defined, the user may reposition and/or reorient the device imtil 
the direction of the groove structures extend in a direction pointing substantially 
perpendicular to an axis extending between the eyes of a user. If the device is not a handheld 
device, e.g. a fiat screen for presenting images, such as a video film, the device may comprise 
means for changing the orientation and position of the device. 

In the case that the display panel is an LCD panel,, the first and second groove 
structures may extend in a direction substantially perpendicular to the rows in the LCD panel. 

The first and second light sources may produce a first and second light cone. 
These light cones may contain light with a certain angular spread, Le. the light cones may be 
characterized by a first and second angular distribution. The first angular distribution may 
contain light, which have passed through the display panel while the display panel was 
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showing a first image, and the second angular distribution may contain light, which have 
passed through the display panel while the display panel was showing a second hnage. Tho 
light with the first angular distribution may be emitted in a first view area predominantly 
contammg light firom the first light source, and the light with the second angular distribution 
5 may be emitted in a second view area predominantly containing light from the second Ught 
source. By separating the first and the second view areas so that they do not overlap, the first 
and second unages may be viewed separately. 

The first and second images may be a first and second hnage of a 3D 
stereoscopic image. This may be achieved by sendmg the first image in a Ught cone with the 
10 first angular distribution and by sendmg the second image in a Ught cone with a second 
angular distribution. In this way. the first image may be sent to one eye of a user, and the 
second image may be sent to the other eye of the user. 

The first image may also be dedicated for a first user and the second image 
may be dedicated for a second user, whereby at least the first and the second users can view 
different hnages firom a single display device. This may be achieved by sendmg the first 
image m a Ught cone with a first angular distribution and by sending the second image m a 
Ught cone with a second angular distribution. In this way. the first image may be sent to the 
first user, and the second hnage may be sent to the second user. The same images may also 
be send to the at least first and second users, if the first and second images are the same 
20 images. 

The first and the second light sources may be iUummated sunultaneously, in 
this way a 2D image may be displayed on the display device. Since the same unage may be 
sent to both eyes of a user. 

The display device may comprises means for switxshmg between illuminating 
the first and the second light sources simultaneously, and iUuminating the first and second 
light sources substantially synchronously with displaying the first and second images on the 
display panel, hi this way means for switching between displaying a 2D hnage and a 3D 
stereoscopic hnage on the display panel may be provided for. The switchmg means may be 
operated by the user, or by a electronic control system. 

The first and second Ught sources may be light emittmg diodes (LED) or cold 
cathode fluorescent lamps. 

According to a second aspect of the invention, there is provided a method for 
displaymg data on a display device comprismg the steps of; 
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- coupling light from a first and a second li^t source into a light guide so as to couple light 
from the first light source to the light guide in a first direction and to cov5)le light from, the 
second light source to the light guide in a second direction; 

- redkecting the light coupled into the light guide towards a light redirection element by 
coupling light out of the light guide by an out-coupling surface with a first groove 
structure; 

- fiirllier redirecting the light coupled into the light redirection element by coupling light 
into the light redirection element by an in-coupling surface with a second groove 
structure such that light from the fu-st light source is directed through the display panel 
with a first angular distribution and ligjit from the second light source is directed through 
the display panel with a second angular distribution. 

An image of the display panel may be switched between a first and a second 

image. 

The first and second light sources niay be sequentially operating in 
synchronisation with displaying the fu-st and second image on the display panel. 

These and other aspects, features and/or advantages of the invention will be 
apparent from and elucidated with reference to the embodiments described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Qtnbodiments of the invention will be described, by way of example only, 

* 

with reference to the drawings, in which 

Fig. 1 illustrates a schematic cross-sectional view of a preferred embodiment 

of the display device; 

Fig. 2 illustrates a schematic representation of a sequence for the light sources 

and the first and second images; 

Fig. 3 illustrates an example of a requirement of the angular separation of the 

light cones; 

Fig. 4 illustrates details of the first and the second prism structures; 

Fig. 5 fllustrates an angular distribution plot of a prototype of a display device; 

and 

Fig. 6 illustrates a schematic drawing of two users viewing images from the 

same device. 
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EMBODIMENTS 



Fig. 1 illustrates a schematic cross-sectional view of a display device in 
accordance with a preferred embodiment of the invention. An LCD display 1 is used as a 
display panel. Light 2. 3 is emitted from light sources 4. 5. e.g. cold cathode fluox^cent 
lamps or light emitting diodes. The light emitted from the first light source 4 is directed 
through the display panel 1 with a first angular distribution 2, i.e. in a first light cone and 
hght from the second light source 5 is directed through the display panel 1 with a second 
angular distribution 3, i.e. in a second light cone. Light emitted from the light sources 4 5 is 
guided from the light sources by a light guide 6, which comprises an out-coupling surface 
with a second groove stnicture 7. Th^ light, which is coupled out of tiie light guide 6 is 
coupled into a light redirection element 8. The light redirection element 8 comprises 'an m- 
coupling surface with a fii^ groove structure 9. The Ught guide 6 and the light redirection 
element 8 are arranged in an opposmg configuration whereby light is coupled fix>m the light 
guide to the light redirection element The Ught guide 6 and the light redirection element 8 
may, however, also be placed with respect to each other in other ways if this is desirable for 
example by means of mirrors or additional light guides, placed so that light is directed ^m 
the light guide 6 and into the light redirection element 8. A user 10 of the display device may 
be positioned such that the light emitted in the first light cone hits one of the user's eyes 11 
whereas light emitted in the second light cone hits the other of the user's eyes 12. By 
operating tiie light source synchronously with a first and a second image switching on the 
display panel 8. a fir^ image may be directed to one of die eyes. e.g. die left eye 11. whereas 
a second unage may be directed to the other of the eyes. e.g. the right eye 12. The images 
may be t^dated continuously so that a dynamic view is obtained. 

The sequence 20 for the light sources and the first and second images is shown 
m Fig. 2. As a first step in the sequence, the first image is written 21 on the display panel 
Tins is followed by that the first light source, or light source one (Is 1). is switched on 22 for 
a given period of time. Then die second image is written 23 on the display panel. This is 
followed by that die second Ught source, or light source two (Is 2). is switched on 24 for a 
given period of time. The sequence is repeated while tiie display device is in use. Thus Ught 
is tune sequentially sent into a first light cone and a second light cone. The switching of tiie 
hght sources as well as the images on die display panel may be controlled by an electronic 
circuit incorporated in die display device. The electronic circuit may be comiected to. or may 
mclude a timer circuit for controlling the synchronicity of die sequence. 
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The requirement of the angular separation of the light cones depends on the. 
viewing distance. Angles and distances are indicated in Fig. 3 for a user 30 a certain distance 
fipom the display device 31. With an eye distance of 60 nun and a viewing distance of 200 
mm the angular separation between the eyes is: 2 Arctan(30/200) = 17°. For a viewing 

5 distance of 300 mm this angular separation reduces to 11 .4^. From the right hand side of the 
display, and a viewing distance of 200 mm, the right eye is at -6°, the left eye at -22°. From 
the centre of the display, the right and left eyes are symmetrically at ±8.5°. . . 

In Fig. 4 details of the two prism structures 40 are given. Light 44 from the 
first light source 42 is coupled into the light guide 46. The light guide comprises an out- 

10 coupling surface 47 with a second groove structure. Itie second grobve structure is a prism 
structure with a substantially triangular cross-section. The prism stmcture of the out-coupling, 
surface 47 of the light guide 46 is rather flat, characterized by an angle 48 between 150° and 
179° of the joining sides forming the triangular cross^section, the so-called top angle. The 
purpose of the out-coupling surface is to direct light 44 from the first light source 42, and 

15 light 45 from the second light source 43 in substantially coimter-propagating cones. It is 

advantageous to obtain light cones which at this stage are coimter-propagating vsdth small rise 
angles 49 to obtain optimal separation of the cones 44, 45. 

The light is coupled into the display panel via light redirection element 400. 
The light redirection element comprises an in-coupling surface 401 with a first groove . 

20 structure. The first groove structure is like the -second groove stmcture a prism stracture with 
a substantially triangular cross section. The prism structure of the light redirection element 
400 is steeper than the prism structure of the light guide 46. The prism structure of the light 
redirection element is characterized by an angle between 10° and 70° of the joining sides 
forming the triangular cross-section, the so-called top angle. The purpose of the light : . 

25 redirection element is to redirect the light 44, 45 so that light is coupled into the display panel 
at proper angles. 

Controlling the direction of the light through the display panel is a matter of 
controlling the refractive indices along the ray path, as well as the top angles 48 of the out- 
coupling sur&ce of the light guide and the in-coupling surface of the light redirection element 
30 402. The angle of refraction is a function of the refractive indices on the two sides of the 
refracting surface, and likewise is also the transmission coefficient as a function of the 
refractive angle, a function of the refractive indices. Furthermore, by usmg materials which 
are siirface treated so that the refractive index is a function of the position away from the 
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surface, the angle of refraction, as well as the coefficient of transmission may be tuned. 
Therefore by choosing materials with specific refractive mdices as well as specific top 
angles, the Hght may be directed from the emitting light sources to the user at an optimal 
angle separation. 

In Fig. 5, an angular distribution plot 50 of a prototype of a display device is 
shown. The intensity of emitted Ught is shown as a function of the angle in the same plane as 
the cross sections of the two prism structures 47, 401 Uluslxated in Fig. 4. In the prototype the 
top angle of the light guide was chosen to be 175°, whereas the top angle of the Ught 
redirection element was chosen to be 60°. It is important that &e first angular distribution 52 
is emitted in a firist view area, and that the second angular distribution 51 is emitted in a 
second view area, so that at least one area 55 exist where the first and the second angular 
distributions do not overlap. It is less important that the distributions spread in the directions 
53 and 54. or any directions not contained within the area 55 Umited by the two view areas. It 
may. however, be an advantage to avoid a spread in the directions 53 and 54 due to ener^r 
considerations, since a broad distribution requires more energy than a narrow distribution. 

The angular separation of the light cones is a function of a number of 
parameters, includmg the top angles and the material choices of the Ught guide and the Ught 
redkection element The light guide and the light redirection element are preferably made of 
ttansparent. or semitransparent, materials, e.g. glass or a transparent, or semitransparent, 
plastic material such as poly-methyl methaciylate (PMMA). The exact design depends, 
therefore upon the position of use for the device, as weU as the mode of operation. Two 
modes of operation are envisioned. 

In a preferred embodiment of the invention, the display device, is a display 
device capable of displaying 3D stereoscopic images on the display device. By directing the 
first Ught cone to the left eye of a user, and the second Ught cone to the right eye of the user, 
synchronously with displaying the image for the left eye and the image for the right eye on ' 
the display panel. Thus in Fig. 2, the first image should be the hnage for the left eye, and the 
second image should be the hnage for the right eye. If a user maintains the display device at a 
distance so the first light cone hits the left eye and the second Ught cone hit the right eye, e.g. 
as in Fig. 3. the user would then be able to see 3D stereoscopic unages on the display palel 
of the display device. If the user at the same time, orients the device so that it is maintained in 
a position of use. A position of use is where the first and second groove structures extend in a 
dkection pointing substantially perpendicular to an axis extending between the eyes of a user 
of the display panel. 
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Not all images generated on a display device are suitable for 3D stereoscopic 
viewing, such as images consisting of text, or the \iser may not want to view the images in a 
3D stereoscopic mode. The display device may therefore comprise means for switching 
between displaying a 3D stereoscopic image and a 2D image on the display panel. A 2D 
image is displayed on the display device when the first and the second light sources are 
illuminated simultaneously, since both eyes receive the same information. Alternatively the 
images for the left and the right eye are the. same images. Another possibility is that the first 
and Ihe second light sources are illuminated simultaneously and Hie. images for the left and 
the right eye are the same images. The switching means may be user controlled as well as 
apparatus controlled. The user may pr^s a switch, a button or the like, or the switching may 
be controlled by a control software, an operating system, or the like. 

In another embodiment of the invention, the display device, is a display device 
capable of displaying 2D images for at least two users. The images.may be different unages, 
so that more users can view different images from a single display device. Or, the images 
may be the same images, so that more users can use a single display device. This is illustrated 
in Fig. 6. 

In Fig. 6 a schematic drawing of two users viewing images from the same 
device is shown. The groove stmotures of the display device 60 is in this embodonent 
adapted so that the first light cone 61 is directed to a first user 63, whereas the second light 
cone 62 is directed to a second user 64. 

The embodiment presented in Fig. 6 enables multiple user to share one display 
device, for example in connection with a vehicle. The advantage of a vehicle is that tihe 
positions of the users are relatively fixed. A display device may, e.g., be mounted in the 
ceiling of a car, in this way the backseat passenger may view a film while transported. The 
display device may be extended to include a number of light sources and grooves structures, 
so that more than two users may use a single display device. For example four passengers in 
a car may use a single display device. The driver of the car may view an image with a map, 
e.g. connected to a GPS, whereas the passengers may watch a film. 

Although the present invention has been described in connection with 
preferred embodiments, it is not intended to be limited to the specific form set forth herein. 
Rather, ihe scope of the present invention is limited only by the accompanying claims. 
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CLAIMS: 

1 ^ A display device comprising 

- a display panel (1 ); 

- a light redirection element (8) for directing light through the display panel (1); 

- a light guide (6) for directing light towards the light redirection element (8); 

5 - a first light source (4) coupled to the light guide (6) so as to couple Ught to the light guide 
(6) in a first (Erection; and 

- a second light source (5) coupled to the light guide (6) so as to couple light to the light 

guide (6) in a second direction; 

wherein the light redirection element (8) comprises a first groove structure (9) 
10 and the light guide (8) comprises a second groove structure (7) and the first and second 

groove structures (9, 7) are arranged in a configuration operable to direct light fix>m the first 
light source (4) through the display panel (1) with a first angular distribution (2) and light 
firom the second light source (5) with a second angular distribution (3)* 

15 2. A display device according to claim 1, further comprising means for 

alternating between illumination of the first and second light sources (4, 5) and means for 
alternating between displaying a first and second image (21, 23) on the display panel 
substantially synchronously with alternating between illumination (22, 24) of the first and 
second light sources (4, 5). 

20 

3 ^ display device according to claim 1, wherein the first and second groove 

structures (401, 47) of tiie light redirection element (400) and the Ught guide (46) are 
arranged in an opposed configuration. 



25 



4_ A display device according to claim 1 , wherein the first groove structure is a 

prism structure with a substantially triangular cross-section. 
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5. A display device acccjrding to claim 4, wherein an angle (402) of the joining 
sides forming the triangular cross section of the prism structure of the first groove structure 
(401) is between 10° and 70". 

6. A display device accordmg to claim 1, wherein the second groove structure 
(47) is a prism structure with a substantially triangular cross-section. 

■ 

7. A display device accordmg to claim 6, wherein an angle (48) of the joining 
sides forming the triangular cross section of the prism structure of the second groove 
structure is b^een 150* and 179°. 

8. A display device according to claim 1, wherein the first and second groove 
structures (9, 7) extend in a duection substantiaUy perpendicular to an axis extending 
between the eyes (11, 12) of a user of the display panel when m use, when the display device 
is maintamed in a position of use. 



ar 



^' ^ display device according to claim 1, wherein the Ught with the first angul 

distribution (51) is emitted in a first view area predominantly containing light from the first 
light source (4), and wherem tiie light with tiie second angular distribution (52) is emitted in a 
second view area predominantiy contaimng light &om the second light source (5). 

1 0. A display device according to claim 2, wherein the first and second images are 
a first and second image of a 3D stereoscopic image. 

11. A display device according to claun 2, wherein the first unage is dedicated for 
a first user (63) and tiie second unage is dedicated for a second user (64). whereby at least tiie 
first and tiie second user can view different images &om a single display device (60). 

12. A display device according to clahn 10, wherein the first and ttie second light 
sources (4, 5) are illuminated simultaneously, whereby a 2D image is displayed on tiie 
display device. 

13. A display device according to claim 12, wherein tiie display device comprises 
means for switching between illuminating the first and the second light sources 
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simultaneously, and illuminating the first and second light sources substantially 
synchronously with displaying the first and second images on the display panel, 

14, A display device according to claim 1, wherein the first and second light 
5 sources are light emitting diodes (LED) or cold cathode fluorescent lamps. 

15, A display device according to claim 1, wherein the display panel is a liquid 
crystal display (LCD) panel. 

10 16. A display device according to claim-lS, wherein the first and second groove 

structures extend in a direction substantially perpendicular to the rows in an LCD paneL 

17. A method for displaying data on a display device comprising the steps of: 

- coupling light firom a first and a second light source (4, 5) into a light guide (6) so as to 
15 couple light fix>m the first light source (4) to the light guide (6) in a first direction and to 

couple light &om the second light source (5) to the light guide (6) in a second direction; 

- redirecting the light coupled into the light guide towards a light redirection element by 
coupling light out of the light guide by an out-coupling surface with a second groove 
structure (7); and 

20 - further redirecting the light coupled into the light redirection element (8) by coi^ling 
light into the light redirection element (8) by an in-coupling surface with a first groove 
structure (9) such that light from the first light source (4) is directed through the display 
panel (1) with a first angular distribution and light from the second light source (5) is 
directed through the display panel (1) with a second angular distribution. 

25 

18, A method for displaying data on display device according to claim 17, wherem 

the first and second light sources (4, 5) are alternately illuminated substantially 
synchronously with displaying a first and second unage on this display paneL 
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The invention relates to a display device with directional backlight 
Stereoscopic images are produced by emitting light in two restricted and limited angular 
cones. Light is altematively sent to the left and to the right eye of the observer synchronously 
with switching between images for the left and the right eyes on a fast switching LCD. 

5 Altematively, images may be produced for two or more observers and dhrected to a multitude 
of directions. The display device comprises: a display panel (1), a light redirection element 
(8) for directing light through tihie display panel (1), a light guide (6) for directing light 
towards the light redirection element (8), a first light source (4) coupled to the light guide (6) 
so as to couple light to the light guide (6) in a first direction, and a second light source (5) 

10 coupled to the light guide (6) so as to couple light to the light guide (6) in a second direction. 
The light redirection element (8) comprises a iBurst groove structure (9) and flie light guide (8) 
comprises a second groove structure (7) and the first and second groove structures (9, 7) are 
arranged in a configuration operable to direct light firom the first light source (4) through the 
display panel (1) with a first angular distribution (2) and Ught firom the second light source 

1 5 (5) with a second angular distribution (3). 
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